Background: Prior research suggests that the amount of experience an individual has 2 with an action influences the degree to which the sensorimotor systems of their brain 3 are involved in the subsequent perception of those actions. Less is known about how 4 action experience and conceptual understanding impact sensorimotor involvement 5 during imitation. We sought to explore this question by comparing a group of sign 6 language users to a group of non-signers. We pitted the following two hypotheses 7 against each other: 1) Deaf signers will show increased sensorimotor activity during sign 8 imitation, and greater differentiation between sign types, due to greater prior experience 9 and conceptual understanding of the signs; versus 2): Deaf signers will show less 10 sensorimotor system activity and less differentiation of sign types in the sensorimotor 11 system, because for those individuals sign imitation involves language systems of the 12 brain more robustly than sensorimotor systems. We collected electroencephalograms 13 (EEG) while the two groups imitated videos showing one-handed and two-handed ASL 14 signs. Time-frequency data analysis was performed on alpha-and beta-range 15 oscillations while they watched signs with the intent to imitate, and imitated the signs.
Introduction
sign types in the sensorimotor system, because for those individuals sign imitation 1 involves language systems of the brain more robustly than sensorimotor systems. 2 Given that recent evidence supports the latter claim (Kubicek & Quandt, 2019) , 3 we predicted our analyses would generally support that hypothesis. However, the 4 current study uniquely engaged participants in an imitative paradigm, and given that 5 participants were required to copy the signs they saw, we predicted that while observing 6 with the intent to imitate, both groups would show different sensorimotor EEG 7 responses to one-handed compared to two-handed signs, but the effect would be 8 stronger in the Hearing Non-Signers, due to their unfamiliarity with the stimuli and the 9 resultant need to focus on the basic physical parameters of the observed communicative 10 actions. We also anticipated that while producing signs, Hearing Non-Signers would 11 show more robust differentiation between one-and two-handed signs, again due to the 12 novelty of the communicative actions requiring complex motor plans for 13 implementation.
participants were run by a native or fluent ASL signer as the lead experimenter. The 1 study was approved by the relevant IRB and participants were paid for their time. .15 Current ASL use a 1.11 (.31) ASL understanding b 95.5 (5.1) ASL production b 92.4 (6.7) a Self-reported rating on a 7-point scale ranging from 1 = "All the time" to 7 = "Only on special occasions (e.g. home for the holidays)". b Self-rated proficiency on a sliding scale from 0 (poor) -100 (fluent). Each video started with a woman (a deaf native signer) sitting in a neutral 10 position with her arms resting on her lap, and as the video continued, she raised her 11 hands to produce an ASL sign, returning to neutral position after she finished. We 12 conducted t-tests to assess whether the timing dynamics of one-handed and two-handed 13 signs were similar. The onset of the sign from the start of the video clip did not differ 14 between groups (1H: 523.0 ms, 2H: 550.6 ms, p = .57), nor did the offset of the signs in the sign from onset to offset did not differ between groups (1H: 573.9 ms, 2H 637.3 ms, 1 p = .22).
2
Using Adobe Premiere, we affixed a virtual audio trigger (a short beep) to the 3 video clip at the onset of the sign, as defined by ASL-Lex norms (Caselli et al., 2016) .
4
The onset of the beep corresponded to the onset of the sign. The beep was never audible, 5 but rather, was sent to a BrainProducts Trigger Box and converted into a TTL pulse. The
6
TTL pulse was then recorded in parallel to the EEG signal in order to identify the time in Tools, Sharpsburg, PA) on a computer monitor ~76 cm away. Prior to the task analyzed 15 for this project, participants had seen the same stimuli in a different context.
16
Participants were instructed to view each individual ASL sign, and then when prompted, 17 to produce their own imitation of what they just saw to the best of their ability. After a 18 brief practice session to ensure that they understood the task, the experiment started.
19
A total of 80 trials were presented, divided into four blocks of twenty trials each.
20
Each sign was seen one time throughout the course of the experiment. Each trial started 21 with a fixation point (jittered ISI = 4-5 s); then the sign clip started, with an event 22 marker triggered at the onset of the sign (see Figure 1) . After the video clip ended, a 23 screen stating "GO" was shown for three seconds, during which the participant unfolding over the course of the task. The same 2 x 2 ANOVA design was implemented 1 for the ROI analyses, with one paired condition (1H signs; 2H signs) and unpaired 2 groups (Deaf; Hearing). For these ROI analyses, a p value threshold of .05 was used, 3 with a false detection rate (FDR) correction applied (Benjamini & Hochberg, 1995) . We conducted targeted analyses at the electrodes overlying the central, fronto-central, 8 and centro-parietal regions in order to assess the temporal dynamics of the responses to 9 1H and 2H signs while observing with the intent to imitate. Deaf and Hearing groups 10 both showed greater ERD in response to 2H signs (p < .05, FDR corrected), although 11 the profile of those responses showed a fair degree of variability. For example, at 12 electrode CPz (see Figure 3 ), while both groups showed significantly more alpha and 13 beta ERD in response to 2H signs, that difference was seen much earlier, and with more 14 continuity, in the Deaf Signers compared to the Hearing Non-Signers. Eight electrodes 15 within the ROI showed the same pattern of earlier and more robust discrimination of 1H 16 vs. 2H conditions for Signers: C1, C2, C4, Cz, CP1, CP2, CP4, and CPz (pictured). In the other 13 electrodes in the ROI, the groups did not show a distinct difference in onset of 1 discrimination between 1H and 2H signs. In all cases, for both groups, observation of 2 2H signs elicited greater alpha/beta ERD. Signers compared to in Hearing Non-Signers: FC1, FCz, C1, C2, Cz, CP1, CP2, and CP6 13 (see Figure 4B for one representative plot). In the upper alpha (11-13 Hz) band, both the Deaf and Hearing groups showed 15 significantly more alpha ERD as they produced 2H signs during all four time bins. See 16 Figure 5 for the topographical distribution of these effects across the scalp across the 17 latter three time bins.
18
In the lower beta (14-17 Hz) band, both the Deaf and Hearing groups showed 19 differentiation while producing 1H and 2H signs. These effects were present across vast 20 regions of the scalp more beta ERD during 2H sign production compared to 1H sign In other domains of human action (e.g., dance, grasping), the action experts' 23 sensorimotor cortex is more active while they see others perform actions with which they have experience, like we see in the current results. However, in the this study, there 1 is a vast discrepancy between the amount of ASL experience that the Deaf Signers and 2 Hearing Non-Signers have, and if we were able to compare sensorimotor reactivity 3 across the full spectrum of ASL experience (e.g., including hearing fluent signers, and 4 intermediate signers), it is very possible that a more complex, non-linear relationship 5 between sign experience and mirroring would emerge (Gardner et al. 2017a (Gardner et al. , 2017b 6 Gardner et al., 2015) .
7
Some of the key findings in this paper involve greater neural activity in response 8 to two-handed signs over the right sensorimotor cortex (i.e., right central/centro-9 parietal electrodes). Given that all our signers were right-handed, and the model was 10 right-handed, this pattern suggests that participants were indeed simulating the 11 production of action as they observed, or perhaps invoking preparatory motor plans in 12 anticipation of imitation. It is likely that in the current study, those effects were heightened due to the 21 imitative context in which the signs were observed. The task of preparing to imitate 22 likely primed observers (both Hearing and Deaf) to prepare their own motor plans for 23 reproducing the signs. Watching sign language has been associated with the generation arising from deafness and the effect of fluency in ASL. It is our hope that future work 1 can further disentangle these complex, and likely overlapping, effects. 
